INTERPRETATION
The candidate who might expect to realize the most improvement from SEMLS is aged between 10 years and 12 years, is in GMFCS level II, and has a poor preoperative GPS.
Cerebral palsy (CP) is a neurological condition caused by a non-progressive lesion of the developing brain resulting in progressive musculoskeletal deformities. 1, 2 Single-event multilevel surgery (SEMLS) is a commonly performed technique for correcting the musculoskeletal abnormalities in many children with CP. [3] [4] [5] [6] Studies have reported significant improvements in objective measures of gait, including the Gillette Gait Index (GGI), Gait Profile Score (GPS), and Gait Deviation Index (GDI), after SEMLS. [7] [8] [9] [10] [11] CP, however, is not a homogeneous condition. 1 Even within the subgroup of ambulatory children, substantial variability exists in neurological pattern and motor disability. Thus, the studies on SEMLS have considerable heterogeneity within the cohorts at baseline and follow-up.
The largest long-term study of multilevel surgery recently reported substantial interparticipant variability, indicating the benefits of SEMLS may vary considerably between individuals. 12 Understanding the patient factors that affect outcome will aid health care professionals involved in referring children for consideration of this potentially life-changing procedure. Additionally, it will allow proper stratification of patients when evaluating the response to treatment. The aim of this systematic review was to identify factors that predict outcome after SEMLS in children with CP.
METHOD Search strategy
A systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. 13 A literature search was conducted in August 2017 in six electronic databases: PubMed, Embase, Cinhal, Scopus, Web of Science Core Collection, and The Cochrane Library. Key terms within the search strategy were mapped to Medical Subject Headings (MeSH) and exploded to include subheadings and related terms. The following search terms were used: (((((SEMLS) OR single event multilevel) OR single event multi level))) AND (("Cerebral Palsy" [Mesh] ) OR (cerebral palsy OR CP OR spastic)). The initial search included articles in English with no restriction on date of publication. Reference lists of identified papers were also reviewed for potentially eligible studies.
Eligibility criteria
Titles and abstracts were reviewed, and potentially eligible articles identified. Studies were included in the analysis if they met the following criteria: (1) the cohort consisted of children (≤18y) with CP; (2) the study analysed potential predictors of outcome after SEMLS; (3) the mean duration of follow-up was at least 12 months.
The potential predictors of outcome were predefined before the literature search; three dichotomous variables: sex (male or female); topographical distribution (unilateral spastic CP or bilateral spastic CP); socioeconomic status (private health care: yes or no); and three continuous variables: Gross Motor Function Classification System (GMFCS) level; preoperative kinematic summary statistic; age at surgery. SEMLS was defined as two or more bony and/or soft tissue surgical procedures occurring at two or more anatomical levels. Only original, peer-reviewed published literature was included.
Quality assessment
The selected articles were graded for level of evidence using the Oxford Centre for Evidence-Based Medicine scale 14 and quality appraised for using the methodological index for non-randomized studies (MINORS). 15 
Data synthesis and analysis
The demographic and SEMLS data was extracted, as well as preoperative and postoperative outcome measures. Changes were defined as 'improved' if there was a statistical change towards the reference norm values, while patients 'deteriorated' if there was a statistical change away from the reference norm value. Statistical significance was set at p values less than 0.05.
RESULTS

Database sources, search, and quality assessment
The electronic database search identified 191 initial references. Of these, seven met the inclusion criteria (Fig. S1 , online supporting information). [16] [17] [18] [19] [20] [21] [22] All articles were graded as 2b on the Oxford Centre for EvidenceBased Medicine scale, and the mean MINORS score was 10.3 (range: 9-11) out of a maximum score of 16 (Table I) .
Studies, potential predictors, and participant characteristics
Of the seven included studies, four analysed patient sex; [17] [18] [19] 22 two analysed topographical distribution; 17,18 one analysed socio-economic status; 19 five analysed GMFCS; [16] [17] [18] [19] 21 one analysed a preoperative kinematic summary statistic; 19 and six analysed age at surgery [16] [17] [18] [19] [20] [21] (Table I) . Four studies were from Austria, [19] [20] [21] [22] three from the same hospital, [20] [21] [22] two from the same hospital in South Korea, 17, 18 and one from Belgium. 16 There was heterogeneity across the studies regarding the definition of SEMLS. Himpens et al. 16 studied children who underwent both soft tissue and bone (n=36), soft tissue only (n=1), and bone only (n=3) procedures at either two (n=31) or three (n=9) anatomical levels. In one study, despite listing potential individual procedures, and stating corrections occurred at 'more than two joint levels', the specific procedures were not detailed. 17 Rutz et al. 19 described a 'diagnostic matrix' in order to select the surgical procedures, but did not provide data on outcomes. The bony involvement in the remaining three studies varied from a median number of procedures of 0, 20 a percentage of total procedures performed of 10.3 per cent, 21 and a mean number of bony procedures per child as 0.45 for males and 0.44 for females. 22 Two studies investigated ambulant children graded in GMFCS levels I to III, 17, 18 four investigated children graded in GMFCS levels II and III, [19] [20] [21] [22] and one study investigated children graded in GMFCS levels II to V 16 (Table II) . The sample sizes ranged from 32 to 279 children with all studies reporting a greater proportion of males than females (17:15-191:88) . The average age at surgery ranged from 8 years to 11 years and 7 months. The average follow-up ranged from 1 year and 4 months to 11 years and 4 months. One study 22 did not give an average follow-up, but stated that all patients were followed up for '10 or more years postoperatively'.
Outcome measures
Four studies analysed the change in a kinematic summary statistic, while three evaluated the subjective response of children and their parents post-SEMLS. One study evaluated the change in GPS, 19 two used the GDI, 20,21 while one analysed the GGI. 22 Himpens et al. 16 asked the children to complete the Cerebral Palsy Quality of Life Questionnaire for Children. This is a valid and reliable condition-specific quality of life questionnaire designed for children with CP 23 that assesses several aspects of a child's life, including 'social wellbeing and acceptance', 'feelings about functioning', 'participation and physical health', 'emotional wellbeing', and 'pain and feeling about disability'. The other two studies used a subjective outcome measure related to parental satisfaction. 17, 18 Satisfaction with surgical outcome was evaluated for functional and cosmetic aspects using a 10-point visual analogue scale: 'Are you satisfied with the functional outcome after surgery?' and 'Are you satisfied with cosmetic outcome (or the appearance of your child) after surgery?' Lee et al. 18 added a third question: 'Are you satisfied with the overall outcome of the surgery?' Table III summarizes the results of the studies analysing the 3 dichotomous and 3 continuous variables.
Predictive factors
Sex
When comparing males and females, there was no difference noted in parental satisfaction 17, 18 or GPS 19 postoperatively. One study 22 reported that during 10-year follow-up females maintained the enhanced level of walking compared with preoperative levels, while the walking ability in males deteriorated with the GGI level returning to their preoperative level. However, there were no significant differences between males and females GGI at 10-year follow-up.
Topographical distribution
While in 2010 Lee et al. 17 noted no difference in parental satisfaction after SEMLS in children with diplegia or hemiplegia, in 2009 18 the same study group with a larger patient sample and longer follow-up period reported that satisfaction regarding function, cosmesis, and overall satisfaction were greater in parents of children with hemiplegia (vs diplegia).
Socio-economic status
One study using private health care as a surrogate measure for socio-economic status found no effect of socio-economic status on postoperative GPS. 19 
GMFCS
Himpens et al. 16 reported that changes in social well-being and acceptance, participation and physical health and emotional well-being were similar between children graded in GMFCS levels II to V. However, scores regarding postoperative function were significantly worse in children graded in GMFCS levels IV to V versus GMFCS level III while pain and feelings about disability were significantly worse in children graded in GMFCS level III versus GMFCS levels IV to V. 16 Parental satisfaction regarding cosmetic outcome 17 and functional, cosmetic, and overall satisfaction 18 was significantly higher in children with a better GMFCS level.
Rutz et al. 19 reported better improvement in GPS in children graded in GMFCS level II versus GMFCS level III when preoperative GPS was controlled for.
Svehl ık et al., 21 however, reported no difference in the change in GDI between GMFCS levels II or III having accounted for age. It was reported that children graded in GMFCS level III require significantly more procedures as part of both their index and follow-up operations as compared to those graded GMFCS level II. 21 Preoperative kinematic summary statistic
Rutz et al. 19 demonstrated that preoperative GPS was a strong predictor of kinematic outcome with significantly better improvements in those with worse preoperative GPS.
Age at surgery
Himpens et al. 16 reported that older children had better postoperative scores relating to pain and feeling about disability. However, two studies reported improved parental satisfaction regarding functional and cosmetic outcomes 17 and functional and overall satisfaction 18 in children operated on at a younger age.
When preoperative GPS was used as a covariate, age at the time of surgery was not found to be a significant factor contributing to the postoperative GPS. 19 Conversely, a linear mixed model adopted by Svehl ık et al. 20 found significantly better long-term improvements in GDI in older children but report no effect of age at surgery on the need for additional bony or soft tissue procedures. A recent study by Svehl ık et al. 21 found that the long-term GDI results were best in children aged 10 to 12 years old versus those under 10 or over 12 years of age.
DISCUSSION
Understanding the patient factors that affect objective and subjective outcomes after SEMLS allows surgeons to optimize patient selection for treatment, accurately counsel patients and parents on likely results as well as perform valid comparisons during research. This study performed a comprehensive literature search to identify papers that aimed to address this question.
Sex
There are some recognized differences between males and females with CP. Firstly, CP is more common among males than females. 24 Additionally, the skeletal age of 16 No difference in 'social wellbeing and acceptance' score between GMFCS levels II, III, or IV-V Kruskal-Wallis test refined with Mann-Whitney U test Significantly worse 'feelings about functioning' score in GMFCS levels IV-V vs III No difference in 'participation and physical health' score between GMFCS levels II, III, or IV-V No difference in 'emotional wellbeing' score between GMFCS levels II, III, or IV-V Significantly worse 'pain and feeling about disability' score in GMFCS levels III vs IV-V Lee et al. 17 Parental satisfaction regarding cosmetic outcome significantly higher in children with lower GMFCS level
Multiple regression analysis
Parental satisfaction regarding functional outcome not significantly different between GMFCS levels Lee et al. 18 Parental functional, cosmetic, and overall satisfaction greater in lower GMFCS grade
Rutz et al. 19 
Significantly better improvement in GPS in GMFCS levels II vs III
Multivariable regression analysis Svehl ık et al. 21 No difference in change in GDI between GMFCS groups after correcting for age
Linear mixed model
More procedures as part of index and follow-up operations in GMFCS levels III vs II Preoperative kinematic summary statistic Rutz et al. 19 Significantly better improvements in GPS in those with worse preoperative GPS
Multivariable regression analysis
Age at surgery Himpens et al. 16 No difference in 'social wellbeing and acceptance' score Kruskal-Wallis test refined with Mann-Whitney U test No difference in 'feelings about functioning' score No difference in 'participation and physical health' score No difference in 'emotional wellbeing' score Significantly better 'pain and feeling about disability' score in older children (15y-18y 11mo) vs younger ones (10y-14y 11mo) Lee et al. 17 Parental satisfaction regarding functional and cosmetic outcomes significantly higher in younger children
Multiple regression analysis
Lee et al. 18 Parental functional and overall satisfaction greater in children operated on at younger age No effect on parental satisfaction of cosmetic outcome Rutz et al. 19 No effect on GPS when preoperative GPS is covariate Linear regression with preoperative GPS as a covariate Svehl ık et al. 20 
Significantly better long-term improvements in GDI in older children
Linear mixed model
No effect on initial or additional bony or soft tissue procedures Spearman's rank correlation coefficient Svehl ık et al. 21 Children aged 10-12y at the time of surgery had the greatest improvement in GDI Linear mixed model Statistically significant results are shown in bold. GPS, Gait Profile Score; GGI, Gillette Gait Index; GMFCS, Gross Motor Function Classification System; GDI, Gait Deviation Index. females with CP has been shown to be significantly higher than their chronological age, while this is not the case for males. 25 Previous studies have highlighted that males are more likely to have surgery at a younger age because of the development of lower limb deformities that do not respond to neurosurgical treatment. 26 Zwick et al. 22 reported that throughout the 10-year follow-up females maintained a significantly better GGI than preoperatively, while by 7 to 8 years postoperatively males had returned to values comparable to preoperatively. However, no significant differences were found when directly comparing males and females at any stage of follow-up. This review found no sex effect on postoperative GPS, 19 parental satisfaction of either function or cosmetics. 17, 18 Despite some evidence of sex-related difference in response to SEMLS, sex-specific differences in children with CP is not of the quality to influence the treatment decision-making process.
Topographical distribution
Conflicting results were reported when assessing satisfaction after SEMLS in parents of children with unilateral versus bilateral spastic CP. A small study concluded there was no difference in parental satisfaction of function or cosmesis in children with either hemiplegia or diplegia. 17 A year earlier, the same study group conducted a similar study but with a larger study sample (279 vs 61) and longer follow-up (6y vs 2y 2mo) and reported that parents of children with hemiplegia were more satisfied overall and with the functional and cosmetic outcome of SEMLS. 18 Although the larger scale study identifies improved parental satisfaction post-SEMLS in patients with hemiplegia, the conflicting results and lack of objective data is unlikely to affect clinical practice.
Socio-economic status
Using private health care as a surrogate for socio-economic status, Rutz et al. 19 found no difference in the change in GPS for patients with or without private health care. Within the family unit, it is likely that factors affect the response to SEMLS, including engagement with postoperative rehabilitation. It may be related to resilience, rather than socio-economic status, but evidence in this regard is lacking. As such, at present socio-economic status should not alter the treatment offered to patients.
GMFCS
Previous studies have shown that more severe functional disabilities were associated with lower physical and psychosocial quality of life in school-aged children with CP. 27 This was echoed by Himpens et al. 16 who noted that children classified in GMFCS levels IV and V had significantly worse 'feeling about functioning' postoperatively as compared to those graded in GMFCS level III. Having said this, Himpens et al. 16 reported no significant difference across the GMFCS grades for 'social wellbeing and acceptance' and 'emotional wellbeing'. It may be that in contrast to 'feelings about functioning' and 'participation and physical health' the former issues are less influenced by SEMLS but are more dependent on acceptance from peers, adults, and the school environment.
Regarding parental satisfaction, those with children graded with a better GMFCS level were more satisfied with both the functional 18 and cosmetic 17, 18 outcomes of SEMLS. It may be that parents of children with greater deformities have unrealistic expectations of what can be provided by surgery.
Rutz et al. 19 demonstrated that on average children at GMFCS level II have a GPS two degrees higher after surgery than those at GMFCS level III with the same preoperative GPS. The GMFCS is an indication of the severity of the underlying neurological insult. As such, it is logical that those children graded in GMFCS level II have more potential for improvement after SEMLS. The same improvement in GDI was not seen in those in GMFCS level II versus GMFCS level III, however. 21 It is important to consider GMFCS level when listing patients for SEMLS. Surgeons should properly explain to parents of patients with worse GMFCS levels the likely need for more procedures as well as controlling their expectations.
Preoperative kinematic summary statistic
The results of this review are in line with those of a recently published large scale long-term analysis of SEMLS;
12 postoperative improvement in GPS is better in children with more abnormal gait patterns preoperatively. 19 Given that these children have the most potential for improvement, this seems unsurprising. After SEMLS, 28 per cent of children studied by Rutz et al. 19 showed deterioration or improvement less than the minimally clinically important difference. Of these, the majority are those with the least abnormal gait pattern preoperatively. Although a valid objective measure of gait kinematic parameters, 28 the GPS fails to incorporate other important factors such as patient function and quality of life. Additionally, there is strong evidence that without SEMLS children with CP are susceptible to some deterioration in gait quality 29, 30 and so a maintenance of gait function may be viewed as a success.
Thus, before embarking on surgical intervention, surgeons should consider the GPS (or alternative validated summary statistic) as a marker for the degree of likely improvement in the kinematic parameters. Those with less abnormal gait should be counselled on the potential for limited improvement and the indications for surgery properly reviewed. Regarding future comparative research, authors should establish adequate stratification or minimization approaches to ensure groups will be matched for preoperative GPS. Additionally, the use of patient-reported outcome measures may be more appropriate for children with mild involvement.
Age at surgery
When comparing outcomes between children undergoing SEMLS at different ages, it is important to consider the potential difference in severity of CP, motor control, and pattern development. A child requiring surgery at the age of 6 years is unlikely to be comparable to one undergoing the procedure in their adolescence. 20 Children who were older at the moment of surgery reported significantly less pain and feeling about disability than children who were younger (15y-18y 11mo vs 10y-14y 11mo). 16 It has previously been suggested that the growth spurt contributes to the development of muscle contractures 20 and therefore might be responsible for the increased pain. 31 It has been demonstrated that parental satisfaction after SEMLS is greater in those operated on at a younger age with regards to functional satisfaction, 17, 18 cosmetic satisfaction, 17 and overall satisfaction. 18 However, the level of satisfaction decreases with increasing follow-up. 18 Therefore, if operated on too early, there may be a recurrence of deformity.
Children with bilateral CP and flexed knee gait benefit more when SEMLS is performed at an older age. 20 Svehl ık et al. 21 conclude that children aged 10 to 12 years at the time of surgery had the greatest improvement in GDI 10 years after SEMLS. As the onset of puberty occurs earlier in children with CP, 32 these children could have been over the period of the growth spurt, which may have produced more predictable outcomes. There was no correlation between age at the time of surgery and the number of bony or soft tissue procedures performed initially as well as during the 10-year follow-up. 20 Conservative management including botulinum neurotoxin and orthotics may slow deterioration of gait 33 and surgery should be considered when there is no further improvement. When surgery is required, the timing of the pubertal growth spurt should be kept in mind. The best long-term improvements in gait after SEMLS are seen in those aged 10 to 12 years.
Limitations
This study followed strict methodological and analytical processes; however, there are a number of limitations. First, despite a broad search strategy, the inclusion criteria only identified seven eligible studies. A small number of studies limits the potential for finding recurrent themes and generating conclusions. Of the identified studies, only one was prospective. The remaining six were retrospective cohort studies introducing the potential for recall bias, selection bias, as well as increasing the likelihood for missing data. Unfortunately, all identified studies lacked a control group increasing the risk of confounding variables affecting the results. However, surgeons and families must make decisions, and this is the best evidence available.
Second, the identified studies had relatively small study samples. Five of the seven studies used less than 100 participants. The small sample limits the power of each individual study, making finding significant differences less likely. Additionally, there was heterogeneity among participants. One study reports on subjective outcomes after SEMLS in children graded in GMFCS levels II to V. 16 Children graded in GMFCS levels IV and V are, by definition, non-walkers and SEMLS is, by definition, a gait improving strategy. The contradictory inclusion criteria are likely to affect the interpretation of the effect of SEMLS and should be generalized with caution to patients more suitable for SEMLS.
Third, there was considerable heterogeneity between study outcomes. This makes comparisons between studies very difficult and performing a meta-analysis impossible. Fourth, across the seven studies, SEMLS had a variety of definitions leading to significant variation among the patient population. It is well known that the postoperative healing process is different for bone and soft tissue and therefore the contrasting patient population may not be comparable.
The mean MINORS score was 10.3. All studies had clearly stated aims, appropriate criteria to assess the main outcome, and included consecutive patients. A major limiting factor was the retrospective data collection of six studies: only the study by Lee et al. 17 was prospective. Four studies scored two out of two for an appropriate length of the study. 18, [20] [21] [22] All three of the subjective patient/parentreported outcomes scored only one out of two in the loss to follow-up section (because loss to follow-up was >5%). [16] [17] [18] All studies scored zero regarding blinding of evaluation of study endpoints and prospective calculation of study size. Thus, future studies need to calculate an appropriate study size and perform a long-term, prospective, blinded comparison of predefined potential predictors after SEMLS.
CONCLUSION
There is little current evidence to support sex, topographical distribution, or socio-economic status as predictive factors after SEMLS. Preoperative GPS is the most accurate measure of expected improvement in gait as measured by a kinematic summary statistic. This review has identified the ideal candidate for SEMLS as a child aged 10 to 12 years of age, graded in GMFCS level II, and with a poor preoperative GPS. Future research should include large scale, long-term prospective comparison studies to further demonstrate which factors best predict outcome after SEMLS. M ETODO Se realiz o una b usqueda bibliogr afica utilizando los siguientes criterios en seis bases de datos electr onicas: (1) niños con PC; (2) analizaron predictores potenciales del resultado despu es de SEMLS; (3) m ınimo 12 meses de seguimiento. Los predictores potenciales fueron predefinidos: sexo; distribuci on topogr afica; estatus socioecon omico; nivel del sistema de clasificaci on de la funci on motora gruesa (GMFCS); resumen estad ıstico de la cinem atica preoperatoria; edad en el momento de la cirug ıa. La calidad del estudio se evalu o con el Indice Metodol ogico para Estudios No Aleatorios (MINORS, siglas en ingles) y la Escala de Oxford Center para Medicina basada en evidencia.
RESULTADOS De los siete estudios identificados, los puntajes de MINORS, variaron de 9 a 11 y todos obtuvieron una calificaci on de 2b en el Oxford Center para la escala de medicina basada en evidencia. Hubo poca o ninguna evidencia para apoyar el sexo, la distribuci on topogr afica o el estado socioecon omico como factores predictivos despu es de SEMLS. La puntuaci on preoperatoria del perfil de la marcha (GPS) fue la mejor medida de la mejora esperada en la cinem atica de la marcha. Los padres informaron que la satisfacci on y el GPS eran mejores despu es de la cirug ıa SEMLS en niños clasificados como GMFCS II. Los mejores resultados a largo plazo se observaron en los que ten ıan entre 10 y 12 años de edad.
INTERPRETACI
ON El candidato que podr ıa esperar obtener la mayor mejora de SEMLS tiene entre 10 y 12 años, est a en el nivel II de GMFCS y tiene un GPS preoperatorio disminuido. M ETODO Uma revisão de literatura usando os seguintes crit erios foi realizada em seis bases de dados: (1) crianc ßas com paralisia cerebral; (2) analisando potenciais preditores de resultado ap os CMEU; (3) acompanhamento de no m ınimo 12 meses. Os potenciais preditores foram pr e-definidos: sexo, distribuic ßão topogr afica, n ıvel socioeconômico; n ıvel segundo o Sistema de Classificac ßão da Func ßão Motora Grossa (GMFCS); s ıntese estat ıstica da cinem atica pr e-operat oria; idade no momento da cirurgia. A qualidade do estudo foi avaliada com o ındice metodol ogico para estudos não-randomizados (IMENR) e a escala do Centro de Oxford para Medicina Baseada em Evidência.
RESULTADOS Dos sete estudos identificados, os escores IMENR variaram de 9 a11 e foram classificados como 2b na escala do Centro de Oxford para Medicina Baseada em Evidência. Houve pouca ou nenhuma evidência para justificar o sexo, distribuic ßão topogr afica, ou n ıvel socioeconômico como fatores preditivos ap os CMEU. O Escore do Perfil da Marcha (GPS) pr e-operat orio foi a melhor medida da melhora esperada na cinem atica da marcha. A satisfac ßão reportada pelos pais e o GPS foram melhores ap os CMEU em crianc ßas com GMFCS II. Os melhores resultados de longo rpazo foram vistos naqueles entre 10 e 12 anos de idade.
